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CAUSES OF FAILURE IN CAST IRON PIPE 1 
By F. A. McInnes 2 

In Boston, during the past twelve years, nineteen failures of cast 
iron water pipe, 16 to 48 inches in diameter, have occurred; nine of 
them due to settlement upon an unyielding support, three to acci- 
dent (in two cases blasting, and in the third case the operations 
of a public service corporation), two to freezing, one to imperfect cast- 
ing, two to demoralization of metal in "bad ground;" in two cases 
no reason for failure was apparent. As usual the fatal rigid bearing 
was the greatest offender. Eternal vigilance, expressed in unre- 
mitting inspection on the part of the Water Department, will alone 
minimize the danger from this cause in city streets. The pipe may 
be originally laid in a safe location, yet disaster may easily follow 
from the subsequent construction of sewers, conduits, subways, 
etc., under or adjoining it. All the failures of this kind mentioned 
above were due to settlement upon structures built after the pipe 
was laid, and all might have been avoided had reasonable care been 
taken to provide the necessary clearance around the pipe. 

It is not my intention to discuss the damage resulting from elec- 
trolysis, bad ground, improper filling, undue external loading, settle- 
ment, etc., nor to go at length into the imperative necessity that 
cast iron pipe be well made, properly laid and carefully protected from 
adverse conditions after being put in service. Much might be 
written on these points, but I will leave that task to others. I 
propose to call attention briefly to a probable cause of failure neither 
so much discussed nor appreciated. I refer to the quality of the 
pipe iron. This vital feature has not been sufficiently safeguarded 
in our specifications, which require the test bars to support a centre 
load of 1900 pounds (N.E.W.W.) or 2000 pounds (Am.W.W.) and 
to show a deflection of 0.3 inch before breaking. The weak spot in 
these requirements lies in the fact that no direct connection is made 
between the loading and deflection with the result that in many 

1 Presented before the Philadelphia Convention, May 18, 1922. 
1 Division Engineer, Public Works Department, Water Division, Boston, 
Massachusetts. 
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cases the test bars do not show 0.30 inch deflection until the load 
is in excess of 1900 or 2000 pounds, often times largely in excess. 
2183 test bars broken by the Metropolitan Water Board of Massa- 
chusetts during the past nine years give the following results: 

3 bars showed 0.18 inch deflection at 1900 pounds. 
5 bars showed 0.19 inch deflection at 1900 pounds. 
33 bars or 15 per cent of total number showed 0.20 to 0.21 inch deflection 

at 1900. 
389 bars or 18.0 per cent of total number showed 0.22 to 0.24 inch deflec- 
tion at 1900. 
229 bars or 10.5 per cent of total number showed 0.25 to 0.28 inch deflec- 
tion at 1900. 
437 bars or 20.0 per cent of total number showed 0.28 to 0.30 inch deflec- 
tion at 1900. 
905 bars or 41.5 per cent of total showed less than 0.30 inch deflection 

at 1900. 
456 bars or 21 .0 per cent of total number showed 0.31 to 0.34 inch deflec- 
tion at 1900. 
490 bars or 22.5 per cent of total number showed 0.35 to 0.37 inch deflec- 
tion at 1900. 
136 bars or 6.0 per cent of total number showed 0.38 to 0.40 inch deflec- 
tion at 1900. 
3 bars showed 0.42 inch deflection at 1900. 
2 bars showed 0.43 inch deflection at 1900. 

These results indicate metal of widely different quality. With 
a test bar deflection at 1900 pounds ranging from 0.18 to 0.43 inch, 
we may safely conclude that the iron varied from "very hard" to 
"very soft." Omitting the extreme cases, the deflection at 1900 
pounds ranged from 0.22 to 0.37 inch, a condition far from satis- 
factory. 

Water pipe iron, to insure the required resiliency and the neces- 
sary strength, should show a test bar deflection of approximately 
0.3 inch at 2000 pounds with an increased deflection of approximately 
0.03 inch for each increase in load of 200 pounds above 2000 pounds. 

The question naturally arises, "Why not specify the composition 
of the iron, stating just what percentage of the different elements 
will be allowed, as is done in the manufacture of steel?" There 
are practical objections to this course based on the differences in 
ores and coke throughout the country, on the necessarily different 
composition of thick and thin pipe, on the practical difficulty of 
making such a provision effective, on the possible undesirability of 
specifying both physical characteristics and composition of metal. 
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The writer, however, believes that the permissible sulphur content 
at least should be specified. With this provision, together with a 
logical relation between flexure and breaking load fixed in the test 
bar requirement, a long step forward towards uniform and satis- 
factory iron will have been taken. 

It has been the practice of the Boston Water Department to 
analyze the metal in a broken or cracked pipe, and the following 
determinations represent some of the results obtained over a period 
of approximately twenty years. Many other analyses, entirely 
above suspicion, have been made in the same period. 
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Six breaks occurred between October 19 and December 5, 1900, 
in a 48-inch supply main of the Boston System, laid in 1869, follow- 
ing an increase in working pressure of 15 pounds. The analyses of 
the iron in these cases were as follows: 
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When the writer was employed in St. John, N. B., 1916-1917, 
one of the two 24-inch mains supplying the city failed several times, 
as it had been in the habit of doing at intervals in the past. The 
pipe was cast in England many years ago. The following are anal- 
yses of the metal in the broken pipe in three cases: 
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The following analyses of a 24-inch main broken in the Hartford, 
Conn., system in 1921, have come to my attention: 
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Some of these determinations may safely be termed "horrible 
examples;" witness the Boston 48 inch with C.C. 0.04, Sil. 4.05 and 
the Hartford 24 inch with C.C. 0.03, Phos. 1.86. One of them, the 
St. John 24 inch, is in the freak class. The remainder, particularly 
those in which the sulphur content is abnormally high, warrant the 
conclusion that the quality of the iron was a contributing, if not the 
direct, factor in the failure of the pipe. The broken pipes were 
cast in main pipe foundries throughout the United States, with two 
exceptions, namely, the St. John 24 inch which was made in England 
and the sleeve broken in 1915, which was cast in a small jobbing 
foundry in Boston. As a rule, two specimen pieces, taken from dif- 
ferent parts of the broken pipe, were submitted for analysis and in 
no case was a substantially different result obtained from the bell 
and spigot end of the same pipe. 

Cast iron pipe is not a homogeneous material. When pig iron 
and scrap iron are melted and made into water pipe, the resulting 
cast iron must vary to some extent in its physical characteristics, 
owing to differences in the material used in the cupola and to the 
methods employed in moulding, cooling, etc. The process of manu- 
facture demands a high degree of skill and oversight of the product 
to maintain the uniform quality desired. That this condition does 
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not always exist is apparent to those familiar with the output of 
cast iron water pipe. There are notable exceptions where this criti- 
cism does not apply, but on the whole it would appear that the general 
standard of manufacture might be raised to the advantage alike of 
maker and consumer, to the end that a well coated pipe of uniform 
and sufficient strength, equal at least to the best of the present prod- 
uct, may be absolutely depended upon. 

The writer is one of those who believe in cast iron pipe for water 
works distribution and supply systems, recognizing it to be best 
suited to meet the conditions usually found, and as its friend, advo- 
cates the application of more scientific methods in its manufacture 
than now obtains in many cases. 



